














THEIR  UNIQUE  AND  TUNABLE  OPTICAL  AND  ELECTRICAL  PROPERTIES 






OF  FUNCTIONAL  MATERIALS  3YNTHETIC  METHODS  USE  TO  CREATE 
NANOPARTICLE  ARRAYS  HAVE  BEEN  RECENTLY  REVIEWED  IN  GREAT 
DETAIL  	  THE  PRINCIPLE  METHODS  ARE  ,ANGMUIR"LODGETT 
ASSEMBLY  AND  ELECTROPHORETIC  DEPOSITION  	  #HEMICAL 
VAPOUR  DEPOSITION  IS  AN  INDUSTRIALLY  USED  TECHNIQUE  FOR 
DEPOSITING THIN ½LMS ON A VARIETY OF SUBSTRATES 	 7E HAVE 
PREVIOUSLY  REPORTED  THE  DEPOSITION  OF  GOLD  NANOSTRUCTURED 
½LMS  USING  AEROSOL  ASSISTED  #6$  !!#6$	  FROM  PREFORMED 
GOLD NANOPARTICLE PRECURSORS 	 )N THIS COMMUNICATION WE 
REPORT THE USE OF HYDROGEN TETRACHLOROAURATE (!U#L(/	 
AND  TETRAOCTYLAMMONIUM  BROMIDE  4/!"	  AS  !!#6$ 
PRECURSORS TO FORM ½LMS OF METALLIC GOLD NANOPARTICLES WITH 
NARROW  SIZE  DISTRIBUTIONS  )T  IS  THOUGHT  THAT  4/!"  ACTS  TO 
DIRECT  THE  GROWTH  OF  THE  PARTICLES  DURING  THE  DEPOSITION 
PROCESS IN AN ANALOGOUS FASHION TO THE WIDELY KNOWN SOLUTION 
PHASE SYNTHESIS OF SPHERICAL GOLD PARTICLES 	  )N CONTRAST 
WE HAVE  RECENTLY  REPORTED  THAT ½LMS DEPOSITED  IN A  SIMILAR 




4EMPLATED  GOLD  ½LMS  WERE  DEPOSITED  USING  A  SOLUTION  OF 
HYDROGEN  TETRACHLOROAURATE  TRIHYDRATE  (!U#L(/	  AND 
TETRAOCTYLAMMONIUM  BROMIDE  4/!"	  OF  VARIOUS 
CONCENTRATIONS IN METHANOL  M,	 5PON ADDITION OF 4/!" 
TO THE SOLUTION OF (!U#L THE SOLUTION CHANGED IN COLOUR FROM 
PALE  YELLOW  TO  DARK  ORANGE OVER  A  PERIOD  OF   MINUTES 
!N  AEROSOL  GENERATED  FROM  THIS  SOLUTION  USING  AN    K(Z 
ULTRASONIC DEVICE 4HE MIST THUS PRODUCED WAS TRANSPORTED TO 
THE REACTOR BY A ¾OW OF NITROGEN AT A ¾OW RATE OF  , MIN 
4HE  PRECURSOR  MIST  PASSED  THROUGH  A  MIXING  CHAMBER 
BEFORE  ENTERING  THE  REACTOR  BETWEEN  THE  HEATED  SUBSTRATE 
AND AN UNHEATED TOP PLATE PLACED PARALLEL  TO  THE SUBSTRATE 
AND  MM ABOVE IT $EPOSITIONS WERE CARRIED OUT AT SUBSTRATE 





4HE  ½LM  CHARACTERISTICS  VARIED  ALONG  THE  LENGTH  OF  THE 
SUBSTRATE  WITH  DISTANCE  FROM  THE  PRECURSOR  INLET  -OVING 
ALONG  THE  SUBSTRATE  FROM  THE  AEROSOL  INLET  THE  SUBSTRATES 
APPEARED  COLOURLESS  RED  BLUE  RED  THEN  COLOURLESS  IN 
TRANSMITTED  LIGHT  )N  RE¾ECTED  LIGHT  THE  ½LMS  APPEARED 







WERE  THEREFORE  ½TTED  WITH  NORMAL  DISTRIBUTIONS  WITH  MEAN 
PARTICLE  DIAMETER  D        NM  AND  STANDARD 
DEVIATION σ        NM  RESPECTIVELY  4HE  SAMPLE  SIZES 
WERE   AND  PARTICLES RESPECTIVELY 4HE VALUES OF 
D  AND  σ  SHOWED  LITTLE  VARIATION  OVER  THE  LENGTH  OF  THE 
SUBSTRATE 4HE PERCENTAGE STANDARD DEVIATIONS OF     
RESPECTIVELY  COMPARE  FAVOURABLY  WITH  THOSE  OBSERVED  IN 
OPTIMISED  SOLUTION  PHASE  GOLD  NANOPARTICLE  SYNTHESES
	 0ARTICLE GEOMETRY WAS ASSESSED BY MEASURING THE ASPECT 
RATIO  RATIO  OF  LONG  AXIS  TO  SHORT  AXIS	     OF  PARTICLES  IN 
IMAGE " ½GURE 	 HAD ASPECT RATIO BELOW  AND NO PARTICLES 
WERE  OBSERVED  WITH  ASPECT  RATIO  GREATER  THAN    4HE 
PARTICLES  PRODUCED  IN  THIS  METHOD  ARE  THEREFORE  HIGHLY 
SPHERICAL NO RODS CUBES OR OTHER GEOMETRIES WERE OBSERVED 
IN ANY PORTION OF THE ½LM 
4HE  MEAN  SIZE  OF  THE  PARTICLES  COULD  BE  CHANGED  BY 
CHANGING THE DEPOSITION CONDITIONS  )NCREASING THE AMOUNT 
OF 4/!" USED TO  G LED TO PARTICLES WITH MEAN SIZE  NM 
AND  STANDARD  DEVIATION    NM  $ECREASING  THE  DEPOSITION 
TEMPERATURE TO # LED TO PARTICLES WITH MEAN DIAMETER 
$	 TAKEN AT     MM ALONG THE LENGTH OF THE 
SUBSTRATE  RESPECTIVELY  3PHERICAL  GOLD  PARTICLES  ARE  CLEARLY 
DISCERNABLE THE COVERAGE INCREASING WITH INCREASING DISTANCE 
ALONG THE SUBSTRATE )N IMAGE $ IT IS EVIDENT THAT COVERAGE IS 
IN  EXCESS  OF  ONE  MONOLAYER  BUT  DESPITE  THIS  THE 




IS  LOGNORMAL  	  )N  SOME  REPORTS  HOWEVER  GOLD 
NANOPARTICLES  HAVE  BEEN  PRODUCED  WITH  NORMAL  SIZE 
DISTRIBUTIONS  	  !  PROBABILITY  PLOT  WAS  USED  IN  ORDER  TO 
DETERMINE WHICH DISTRIBUTION BEST ½TS THE PARTICLES PRODUCED 
IN THIS REPORT &IGURE  SHOWS THE HISTOGRAM OF PARTICLE SIZES 
TAKEN  FROM  IMAGE  #  AND  INSET  A  PROBABILITY  PLOT  OF  THE 
CUMULATIVE  FREQUENCY  AGAINST  THE  DIAMETER  D  AND  LOG 
DIAMETER  LOGD	  4HE  HISTOGRAM  IS  NEARLY  SYMMETRIC 
SUGGESTING  A  NORMAL  DISTRIBUTION  THIS  IS  CON½RMED  BY  THE 
STRAIGHT LINE SEEN IN THE PROBABILITY PLOT AGAINST D )N CONTRAST 
THE  PROBABILITY  PLOT  AGAINST  LOG  D  SHOWS  GREATER  DEVIATION 






FRACTION  AROUND    	  )T  SHOULD  BE  REITERATED  THAT  THE 




'LANCING  ANGLE  8RAY  DIFFRACTION  82$	  CON½RMED  THE 
PRESENCE OF CRYSTALLINE CUBIC GOLD IN ALL ½LMS #UBIC !U ;= 




)N  CONCLUSION  NANOPARTICULATE  ½LMS  WITH  NARROW  SIZE 




PARTICLES  OF  DIFFERENT  VOLUME  FRACTIONS  &URTHERMORE  THE 
PARTICLE  SIZES  COULD  BE  CHANGED  BY  ALTERING  THE  DEPOSITION 
TEMPERATURE AND PRECURSOR CONCENTRATIONS
  NM  AND  STANDARD  DEVIATION    NM  4HE  EFFECTS  OF 
CHANGING DEPOSITION PARAMETERS MUST BE INVESTIGATED MORE 
EXTENSIVELY AND IN MORE DETAIL BUT THESE INITIAL RESULTS SUGGEST 
THAT  THE PARTICLE  SIZE DISTRIBUTION MIGHT BE EASILY  TUNED BY 
CHANGING EXPERIMENTAL PARAMETERS
4HE  OPTICAL  PROPERTIES  OF  THE  NANOPARTICLE  ½LMS  WERE 
INVESTIGATED USING 56  VIS SPECTROSCOPY )N ALL ½LMS A PLASMON 
RESONANCE  BAND  WAS  OBSERVED  SHOWING  THAT  THE  ½LMS  ARE 
NANOPARTICULATE  IN  NATURE  AND  NOT  CONTINUOUS  GOLD  ½LMS 
	  4HE  WAVELENGTH    OF  THE  PLASMON  BAND  ABSORPTION 
MAXIMUM VARIED ALONG THE LENGTH OF THE SUBSTRATE RANGING 
FROM  NM TO  NM 4HE OPTICAL PROPERTIES OF ½LMS OF 
GOLD  NANOPARTICLES  HAVE  BEEN  STUDIED  IN  DETAIL  BY  SEVERAL 
GROUPS  	  !T  LOW  VOLUME  FRACTION  OF  GOLD  PARTICLES 
BEHAVE INDEPENDENTLY AND SHOW PLASMON ABSORPTION SIMILAR 
TO THAT OF ISOLATED NANOPARTICLES !T HIGHER VOLUME FRACTIONS 
THE  PLASMON  ABSORPTION  IS  RED  SHIFTED  DUE  TO  INTERPARTICLE 
COUPLING ! PLASMON ABSORPTION AROUND  NM CORRESPONDS 
TO LOW VOLUME FRACTION ^	 GOLD ½LMS IN WHICH THE PARTICLES 
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